Rana limnocharis from rice fields of Nara, central Japan, fed on a wide variety of prey animals.
INTRODUCTION

Rana limnocharis
is one of the most broadly distributed species of Asian anurans, ranging from East Asia through Southeast Asia to India (Maeda and Matsui, 1999) . In Japan, this species is distributed in the central Ryukyus, Kyushu, Shikoku, and an area from the Chugoku District to the Tokai District of Honshu (Maeda and Matsui, 1999) . Other than one exotic species, R. catesbeiana, R. limnocharis is the only amphibian species distributed in both the Ryukyu Archipelago and the mainislands of Japan.
Rana limnocharis is considered to have been artificially introduced into various parts of the Kanto District during the last decade (Osawa, 1998; Hasegawa and Ogano, 1998; Hayashi et al., 2000; see Hayashi and Kimura [2001] for review). The introduced R. limnocharis may have an unfavorable influence on indigenous anuran populations of each locality. However, R. limnocharis from Japan has never been studied from a viewpoint of community ecology: currently available information relevant to the natural history of this frog only concerns its embryonic temperature tolerances (Kuramoto, 1967) , growth (Shichi et al., 1988), and vocalizations (Hata and Nagoshi, 1995) . The paucity of studies concerning ecological relationships of coexisting anuran species makes it difficult for us to predict the effects of introduced R. limnocharis on the native anuran populations.
Food is an important niche axis for partitioning coexisting anurans (Toft, 1985) , and food niche overlap (or diet similarity) has been used to hypothesize potential interactions between coexisting species (Inger and Greenberg, 1966; Stewart and Sandison, 1972; Miller, 1978; Licht, 1986; McAlpine and Dilworth, 1989; Werner et al., 1995) .
In the mainislands of Japan, food habits have been studied for R. nigromaculata, R. porosa brevipoda, R. rugosa, and Hyla japonica inhabiting rice fields (Hirai and Matsui, 1999; 2000a , b, 2001a . With respect to food habits of Japanese populations of R. limnocharis, however, a list of prey items recovered from four individuals (Tomida, 1976 ) is the only available information to the present.
In this paper, we present diet composition of R. limnocharis inhabiting rice fields of central Japan, and compare it with published data for conspecific populations from outside of Japan.
METHODS
We collected
frogs from rice paddy fields in Nara City, Nara Prefecture, central were conducted at night between 2100h and 2300h on 20 June, 14 July, and 6 August 1997.
Immediately after we captured frogs, we extracted their stomach contents by forced regurgitation with forceps, and preserved the contents in 10% buffered formalin for later identification and analysis.
For each frog, we measured snout-vent length (SVL), mouth width and body mass, and examined the presence or absence of male secondary sexual characters (nuptial pads, vocal sacs, and an M-shaped dark marking on the throat). Individuals were divided into three sex-age classes: juvenile, adult male, and adult female. Adult males are easily differentiated from the others in possessing the male secondary sexual characters, but adult females and juveniles, both lacking those characters, are not distinguishable from each other with certainty unless the gonads are inspected by dissection.
Nevertheless, because females are known to reach sexual maturity at larger body size than males (Maeda and Matsui, 1999) , for we practical purposes, we regarded individuals smaller than the smallest adult male (actually 32.2mm in SVL) as juveniles, and larger individuals as adult females, including sub-adults.
In addition, we clipped toes in unique combinations for individual identification.
After these procedures, we released frogs where they were captured.
In the laboratory, we identified stomach contents to the lowest practical taxonomic level, and measured maximum length (L) and width (W) of each prey item to the nearest 0.1mm using either a caliper or a calibrated ocular micrometer fitted to a dissecting microscope.
For partially digested prey items, we estimated lengths by measuring width and then using predetermined length-width regressions from intact prey (see Hirai and Matsui [2001c] for more details). Volume (V) of each prey item was calculated using the formula for an ellipsoid:
RESULTS
Diet composition
Forty frogs (17 adult females, 15 adult males, eight juveniles) were captured, of which six (five adult females, one adult male) had empty stomachs. The bulk of the diet was represented by three invertebrate phyla (Arthropoda, Mollusca, and Annelida), with Arthropoda including four classes (Insecta, Araneae, Crustacea, and Diplopoda), making up 94.8% in number and 52.9% in volume of total prey items (Table 1) . Insecta contained seven orders, and comprised 62.3% in number and 31.0% in volume. Ants (Formicidae) comprised the largest proportion in number (26.9%), followed by spiders (Araneae; 20.3%) and dipterans (18.4%). In volume, however, earthworms (Oligochaeta; 36.2%) predominated in the diet, followed by woodlice (Isopoda; 14.6%) and orthopterans (10.3%), and ants comprised a small proportion (1.4%).
Besides invertebrates, a recently metamorphosed froglet of Hyla japonica and an unidentified tadpole were recovered from the stomachs of medium-sized individuals (41.2mm, and 37.2mm in SVL, respectively). Plant materials and minerals also occurred in 41.2%, and 8.8%, respectively, of the stomachs examined.
When food items were classified by their habitats, aquatic organisms (dipteran larvae, gerrid water-striders, amphipods, gastropods exclusive of land-snails and slugs, and anuran larvae) occurred in 32.4% of frog stomachs, but comprised only 6.1% and 9.3% in number and volume, respectively.
Comparisons among sex-age classes
Adult females, significantly larger than adult males in all measurements (SVL, mouth width, and body mass: Mann-Whitney U-test, p<0.01 for all, see Table  2 ), tended to take larger prey on average than did adult males and juveniles. Even so, significant difference was detected only between adult females and juveniles (Dunn's multiple comparison test, p<0.05). Although diet composition varied among sex-age classes (Table 1) , only the frequency of ants showed statistically significant difference in the between-class comparisons:
it was significantly higher in juveniles (87.5%) than in adult males (35.7%) and adult females (33.3%) (x2contingency  table test,  df=2,  x2=6 .88, p<0.05). Absence of significant differences in the number and volume of prey items among the three classes (Dunn's multiple comparison test, p>0.05), may be attributable to the within-class large variation, and/or small sample size for each class. DISCUSSION This study revealed that R. limnocharis from central Japan feeds predominantly on arthropods like most other ranid frogs hitherto studied (e. g., Jenssen and Klimstra, 1966; Houston, 1973; Whitaker et al., 1983; Hirai and Matsui, 1999) . According to the past studies on the populations of R. limnocharis outside of Japan, arthropods comprised 89-100% in number of total prey items in the diet (Liu and Chen, 1933; Berry, 1965; Monhanthy-Hejmadi and Acharya, 1982) . The value obtained by our study (94.8%) falls within this range.
Among diverse arthropod prey taxa, ants were reported to comprise the largest proportion in rice fields of China (27%; Liu and Chen, 1933) , and in the swamps of Singapore (28%; Berry, 1965) . These reported proportions are quite similar to the value in our result (26.9%). The previous studies, however, did not examine diet variations between juvenile and adult R. limnocharis. As shown in this study, the numeric proportion of ants is much larger in juveniles than in adults. This indicates that when diet composition is compared among populations, diet variation within a population should be considered.
Nevertheless, even if this kind of variation is considered, diet composition may differ among localities.
For example, beetles (41%) were the most numerically predominant prey in India (Monhanthy-Hejmadi and Acharya, 1982) unlike in the other three localities.
The second most important prey was hemipterans (16%) in China (Liu and Chen, 1933) , termites (18%) in Singapore (Berry, 1965) , ants (13%) in India (Monhanthy-Hejmadi and Acharya. 1982). and spiders (20.3%) in this study site. These local variations strongly suggest that the food habits of R. limnocharis are generalized, and that the frog changes diet menus flexibly in response to local variation in frequency of available prey items.
It is noteworthy that R. limnocharis consumed a tadpole and a froglet in this study site. Much larger frogs like the bullfrog (R. catesbeiana) often eat small vertebrates (see Bury and Whelan [1984] for review), but there are few reports that relatively small frogs like R. limnocharis feed on vertebrate prey. Even in R. nigromaculata and R. porosa brevipoda, only large individuals (SVL>53mm) eat syntopic froglets (Hirai and Matsui, 1999; 2001a) . Therefore, it may be safe to state that the food habits of R. limnocharis are characterized by diverse diet composition from tiny insects to small vertebrates. Such food habits seem to contribute at least partially to the success of this frog in establishing feral populations through artificial introduction (Osawa, 1998; Hasegawa and Ogano, 1998; Hayashi et al., 2000) , because the generalized food habits of R. limnocharis should be advantageous in dealing with unfamiliar environments where diversity and abundance of prey may greatly differ from the original habitat.
The recently introduced populations of R. limnocharis in the Kanto District have received a great deal of attention (Osawa, 1998; Hasegawa and Ogano, 1998; Hayashi et al., 2000) , because its colonization may lead to unfavorable influence on the native anuran populations.
Further research is urgently needed to evaluate such influence and to determine whether or not to exterminate the introduced R. limnocharis for conservation of the native anurans. Since the colonized areas are still limited (Osawa, 1998; Hayashi and Kimura, 2001) , extermination would be still possible. 
